
SURVEYOR SPACECRAFT LABORATORY

RELIABILITY PROGRAM

October 1961

a

D_P__ 22®54

SU_MITTED,_

Ao Ao Daush_ Head

Reliability Section



A

ABSTRACT

This report outlines the Reliability Program established to fulfill the

reliability requirements of J.P_L. Specification 302hO and initially

discussed in Volumes III and IX of the Hughes "Project Surveyor"
Proposal 60H-13005/6565 ED 6122 R submitted in December of 1960.

This program has been refined from the basic proposal into certain

specific areas of responsibility which are being implemented as programmed

in the Project Surveyor Management Control Plano The major areas include:

(a) Establish a reliability philosophy, model and spec&fication.

(b) Develop analytical system _d subsystem equations for reliability
analysis and assessment°

(c) Design Review participation for reliability and failure mode

analysis°

(d) Subcontractor reliability evaluation and surveillance.

(e) A reliability assurance test program.

(f) Data analysis, failure reporting and follow-up control during
system and spacecraft assurance evaluation.

(g) Establish spacecraft standard parts, processes and materials

specifications_

(h) Provide project management with a prediction of spacecraft

reliability prior to each mission_

(i) Reliability training and indoctrination.

(j) Provide reliability coordination with the customer.

Scientific payload considerations have not been given a high priority

relative to the basic spacecraft since HAC does not currently have

responsibilities for instrument procurement or payload management.
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I. INTRODUCTION

The reliable operation of the Surveyor spacecraft and scientific equip-

ment is a major requirement for mission success. Each launching is
an irreversible process and once initiated must survive the varied

environments from the spacecraft launch to final mission operation.

This reliability is defined as the probability that the spacecraft

system will be capable of achieving all mission objectives in the

environments and for the periods of operation specified for each
Surveyor mission.

In order to fulfill this responsibility the Surveyor reliability

program has been developed to ultimately provide project management
with a probability of mission success prior to each spacecraft launch.

The program has the following major divisions.

. ANALYSIS

. DESIGN REVIEW

. CONTROL
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II. RELIABILITYANALYSIS

The reliability information obtained for Surveyor equipment will be
analyzed continually during the Surveyor program. The information

derived from the analyses will be utilized directly for providing
the following:

o Management Visibility

o Design Trade-off

. Reliability Test Planning

° Reliability Improvement

For a project involving a complex system_ such as the Surveyor, it is

important to present to management the status of reliability in such a

form that all pertinent information is given in a minimum number of

words and figures° The specific information to be generated depends
on the management level to which the information is presented. For

overall visibility a single reliability estimate on the minim-ram

reliability would suffice° Therefore, at scheduled points in the

development program, reliability information for such management
visibility will be developed.

The generation of the above mentioned reliability information for

management is generally required in most government equipment develop-

ment projects. Quite often, the reliability analysis encompasses

nothing more than the above. One of the reasons for so limiting the
reliability analysis is that quite often the equipment operating time

and the environmental conditions will vary from mission to mission.

Furthermore, if the equipment can be repaired and maintained, as in

aircraft application, a low reliability may not be very detrimental.

Hence, for such cases, it is reasonable to consider broad equipment

reliability levels rather than specific reliability values. This

approach led to the development of a number of engineering disciplines
such as safety margins, parts derating and design reviews. All of

these disciplines will be imposed on the Surveyor development, However,

because of the specific Surveyor spacecraft usage, it was clear at the

start of development that more precise quantitative reliability analyses

would be desirable and possible. It was also @lear that the Surveyor

spacecraft reliability must be high even though the launch booster

reliability may be lOWo In fact, the inverse relationship holds, i.e.,
the spacecraft reliability should be increased for a decrease of

booster reliability. The predetermined use condition for the spacecraft

greatly facilitates the study of trade-offs between reliability and

other design parameters. For system constraints such as cost, weight
and volume, where the sum of the values of the constraining factors of

the subsystems must be kept within a certain limit, the trade-off

criterion may be determined readily by means of the method of Lagrange
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multipliers. For this class of constraints the oriterion for achieving
maximum reliability is simply that the rate of change of reliability

with respect to a parameter, e.g,, weight, should be identical for all

subsystems. Such trade-off studies have alread7 led to the use of

red,_ndant equipments in many areas in the spacecraft. Since the space-

craft will perform many different functions and the relative importance
of each function differs from the others, reliability emphasis must be

placed on the more important functions. Such considerations will be

given in the reliability analyses. This design trade-off requirement
dictates the need for a continuous reliability analysis that penetrates

into the details of the designs. The present analysis method differs

from the co_.,on engineering disciplines for reliability primarily in

its use of quantitative rather than qualitative reliability measures.

The reliability information derived from all equipment operations and

tests will be analyzed. Particular attention will be directed toward

the investigation of failures to uncover the causes of failure. The

resultant information will be utilized directly for improving the

reliability of the spacecraft equipment,
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III o DESIGN

The inherent reliability of the Surveyor spacecraft must be provided

from the basic design formulation. This requires early and rigorous

adherence to proven reliable design practices, failure modes analysis,
redundancy studies, etco, which can be utilized to insure that the

ultimate product meets the reliability requirement defined in the

System Reliability Specification, HAC No. 224600 (Appendix B). Up-

dated reliability predictions will include continual design information
as obtained by design analysis in each review°

Reliability design responsibilities in the Surveyor program include
the following:

(a) Provide reliability design requirements based upon a realistic

analysis of mission requirements and environments° HAC Specification
224600, Revision A (Appendix B)o

(b)Provide a Reliability Specification for subcontractor reliability
design requirements. HAC Specification 224601 has been prepared and
released (Appendix B).

(c)

(d)

Determine the best standard part_ materials and orocesses, and by

review and approval of drawings insure that only those suitable

for lunar environments are utilized. A detailed program outline

for component and material approval is provided as Appendix E.

Design Reviews take place at scheduled points in the program.

These reviews, basically three in sequ_nce_ design concept, circuit

review and packaging review; have been established for the Surveyor

program. Each such review will be attended by reliability engineers
cognizant of that design and capable of challenging the reliability

status of the design. A report of each review will be made and

the questionable areas will be spelled out to insure analysis and

appropriate follow-up. Information thus attained will be useful in

updating the reliability predictions, system model and subsystem
design requirements°

(e) Subcontractor Design Reviews will be attended by reliability

engineers to maintain close surveillance over vendor programs and

insure that appropriate reliable designs are being generated,

reviewed and evaluated to insure that reliability requirements are
being met@
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IV° CONTROL

The requirements imposed upon the Surveyor require that very well-
defined closed loop controls be _..mp!_mentedto insure that potential

problem areas be highlighted, that management visibility be'provlded,

and that corrective follow-up be maintained where critical reliability
concepts or design problems exist°

The control of reliability for Surveyor is therefore being implemented
in the following manner.

(a) Insure that all equipment utilizes only those qualified for Surveyor

environment. HAC Preferred Parts List for Surveyor is utilized in
flight assured equipment. A Process and Materials Manual will be

available shortly to supplement this area.

(b)

(c)

A reliability assurance test program has been implemented to provide,
through statistical design of testing, a level of confidence in

equipment reliability. This program is a major task and provides

one of the basic tools for updating the reliability prediction and

system model. This progra, is detailed in Appendix C.

Data analysis will provide control information during the major

phases of the Surveyor program° Data collected and analyzed will

include significant failure data from first identifiable proto-
types (development), type approval units, flight assured units and

the reliability assurance test results mentioned in (d) above.
Variables data will be collected as a normal function of the test

program and will be evaluated for significant possible failure modes.

At discrete intervals the results of data analysis will be reported

to project management to indicate the reliability status, highlight

critical problems and provide reliability probability of mission
success prior to spacecraft launch°

(d)Failure reporting has been established as a firm requirement since

a test failure at any level represents a critical problem° A
failure report format has been established and will be utilized

starting with the first identifiable unit, Form I - attached° A

similar requirement has been placed upon all subcontractors° The

reliability section will have the responsibility for implementing

the Failure Review Board consisting of the cognizant unit engineer,
the chief engineer and reliability engineer. The reliability member

of this board will have the initiative for follow-up for corrective
action following board analysis and corrective action determination.

(e)Reliability training and information concerning space applications
is being directed to the critical design areas through close work-

ing contact of the area reliability representatives, the design
areas and the Surveyor Reliability Section. A series of seminars
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(f)

(g)

on reliability techniques has been presented and additional reports

and information will be provided.

Reliability representatives have been assigned to each design

area to work directly with the designers in _uEazlng that the

basic reliability requirements are considered in each design.

These engineers provide first level screening for reliability for
design reviews_ vendor procurement and surveillance and will be

the major control in their areas for failure follow-up. In

certain areas they are also providing the major control effort

for the Reliability Assurance Test Progrm_, Item (b) above.

Reliability engineers will participate in post flight data analysis

to analysis failures, assess real time operation of spacecraft

equipment for mission evaluation and be responsible for failure

follow-up and insure that corrective action is accomplished
where required.
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FAILURE REPORT

PROJECTPROJECT SURVEYOR

_QUIPMENT
(NAME) IP/N) (S/N)

TEST SPECIFICATION:

SERIAL.O 0001
CASE NO.:

-- DATE:

LOCATION;

OPERATING

TIME INFO.:

HIGHER ASS'Y: !ON--OFF CYCLES:

(NAME) (P/N) (S/N)

DESCRIPTION (TEST CONDITIONS, DIFFICULTIES, SYMPTOMS, ETC.)

REPORTED BY:

DATE

FAILURE VERIFICATION AND ANALYSIS

EWORK ACTION NECESSARY:

ANALYZED BY:

DATE

REWORK ACTION.

ITEMj REPLACED, REPAIRED, SERVICED OR ADJUSTED (TO BE FILLED IN BEFORE ISSUING NEW ITEMS)

ITEM NAME/CKT REF MFG & HAC PART NO. PROJECT QUALIFIED HOW ITEM FAILED

IF FAILED ITEM (S) WAS NOT QUALIFIED FOR PROJECT USE EXPLAINED:

REWORK BY: DATE

INSPECTED BY: DATE

RETEST RESULTS

TESTED BY:

DATE

I_DDITIONAL INFORMATION _RELATEDCASESANDJORMEMOS)

COPY I

COPY 2

COPY 3

DISTRIBUTION:

REL. SFCTION COPY 4 TEST ENGR,

CONTROL ITEM STORF COPY S REL. SECTION

EQUIPMENT ENGR.



V. SCHEDULES AND MILESTONES

The basic Reliability milestones have been presented to J.P.L. in the

monthly Project Surveyor Management Control Report. The current

section for Reliability is presented again herein as Charts I, 2, and

3. In addition, the basic breakdown indicating broad area time spans
is also shown as Chart 4. Since the sche_tles represent key items in

the control of reliability and are closely keyed to outputs from other

areas, ioe._ design review schedules, drawing release schedules, and test
hardware availability, some flexibility must exist. However, more

important th_ meeting a date will be the insistence from Reliability

that the item presented meet the reliability requirements or that the

review, release or delivery be delayed until appropriate action has
been taken.
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APPENDIX

A. Reliability Model

B. HAC Specification 224600 & 224601

C. Reliability Assurance Test Program

D. Components Parts Program

E. HAC Preferred Parts and Materials Lists
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I. 0 SCOPE

I. I Objectives: This specification establishes reliability objectives
for the design--K-o-FYh-e--Surveyor Spacecraft and its equipment groups and
subassemblies. Reliability objectives are suggested for the scientific

instruments for compatibility with the reliability objectives of the HAC equ/pmento

r"

TITLE

Space c raft Rellability

System, Equipment Groups and Subassemblies

SURVEYOR LABORATORY
HUGHES AIRCRAFT COMPANY

AEROSPACE ENGINEERING DIVISION

NUMBER

REVISION

B

PAGE

224600

MODEL

I SC

2 oF 26 SAGES
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2.0 APPLICABLE DOCUMENTS

2.1 The following appl_o_ble dooumente shell form a part; of this

specific_%ion to the extent specified hereinl

Hu_s A_rel_ C,_ Spe,ci/,l,,,_,_io .rys

22_500 Spaceeraf_ Mission Objectives and Design Criteria

2254.2/38 Control Item List - Reliability Functional

Deei_nation Cross Index

TITLE

Spaoecraft Rellabili_y

System, Equipment Groups and Subaslemblies

SURVEYOR LABORATORY
HUGHES AIRCRAFT COMPANY

AEROSPACE ENGINEERING DIVISION

NUMBER

•

REVISION]_ I MODELSC

PAGE 3 OF 26 PAGES



3.0 REQUIREMENTS

3.1 Design Description

3. I. ! Reliability Block -_-'agrarn_

(See Figure I)

3.2 Operational Conditior_s

3.2.1 Environmental Conditions: The expected environmental con-
ditions for the spacecraft and its subassemblies are described in the

specification on external environments and specifications covering thermal
control; and shock and vibration isolation and damping.

3.2.2 Use Cycles: The frequencies and durations of u_e of the

spacecraft andits s'ubassernblies are given in specifications on detailed
equip1"nent designs and mission operations.

3.3 Reliability Objectives: Reliability objectives are specified in
the follo_ving-s ecti0ns. ......

TITLE

System,

Spacecraft Reliability

Equipment Groups and Subassemblies

SURVEYOR LABORATORY
HUGHES AIRCRAFT 'COMPANY

AEROSPACE ENGINEERING DIVISION

NUMBER

224600

REVISION I MODE L

JB I SC

_*_E 4 o_ 26_*GFs
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3.3

3.3.!

Reliability Objectives (Cont'd)

Surveyor System

Surveyor System R S

Flight Control R A
Group

Propulsion R B
Group

Electric Power R C
Group

Electronic R D
Grpup

"' ' '' ' ' u,

Vehicle Group R E

Englneering
Mechanics and

Thermal Control

.Group

Mechanics

Group
i

Scientific Instru-

ment Group
J u,, , i

[ F L IGHT ..........
AND - , L,_,,_AR OP,E_AT_ON .....

Minimum-Desired

0.7.5 - 0.90

_Minimum- Desired

0.93 - 0.99

, ,, ,,,,

0.89 - 0.95 (Not Appli

0.85 - 0.94

Mint_ urn, De s i r e a

0.b4 - 0.S2

_, ,,-, ,,

cable)

cable)(Not Appll

0.995 - 0.999 0.995 - _I*

, l , ,,|i

0.95 - 0.99 0.95 - 0.99

0.95 - 0.99

0.78 - 0.93

, ,,, , ,, ,

0.98- _.995 0.999 - el 0.995- _I

i ii ,, Hi

R F _ I _I 0.998 - _ I

RG 0.99 -0.999 0. 985 - 0.996 0. 999 - _ I

J

1  z.iI o.9s -0.99s 0.8- 0.9s

*Wherever-_1 appears in this document, it indicates a reliability requirement
0. 9999.

**Reliability objectives are suggested for these instruments for compatibility
with the overall Surveyor system reliability.

TITLE

Spacecraft Reliability

System, Equipment Groups and Subassemblies

SURVEYOR LABORATORY
HUGHES AIRCRAFT r'_,.....,v

AEROSPACE EHGIHEERIHG DIVISIOH

NUMBF'R

224600

REVISION'" ' I MO DE'I_"
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3.3.2. Flight ..Control iGr...dup

MtmmUmoDesired Minimum-Desired Minimum-Desired

Flight Centrol RA

Attitude Reference [RA19
Sens ors

{Sun Sensors,,

Earth Sensors,

OCt-c=:,=.d r ,Tr ,=ke,

Control Equipment l_A2 G
(Accelerorneters,
Control Else°

tronics and GLe

Jets}

ActuAtor, Roll RA21
Vernier

Retro Rocket

Burn- out Sens er ELAz2

0.89 - 0.95 (Not Api
: -,, ' 2. ,_ .............. ' _'' ' .... ".

_licable}

0.92- 0.98

0.95 - 0.995

0.99 -_I

TITLE

Spac e c raft Reliability

System;; Ec_uipment Groups and Suhaseetnblies

SURVEYOR LABORATORY

HUGHES AIRCRAFT COI_PANY

AEROSPACE ENGINEERING DIVISION

NUMBER

REVISION

B

PAGE

2246 O0

MODEL' SC

7oF Z6 P,OE,



3.3.3 Propulsion Gro__

Propulsion Group R B

Vernier Engine RB21
System

' " ' L iw

Retro Rocket RB22

FLIGHT

AND
LANDING

h_."hi"rnum-De s i red

0.85 - 0.94

0.86 * 0.96

0.96 - 0.99

LUNAR OPERATION

80 HOURS

Minimum-Desired_.

(Not Ap:
L|L --,

ONE MONTH ....

Mi_h-n. m_n -De sire d

blicable )

o

b

TITLE

Space c ra_t Reliability

System,: F-_uipatmt _hro_kms a_nd Subassemblies

SURVEYOR LA BORATORY
HUGHES AIRCRAFT COMPANY

AEROSPACE ENGINEERING DIVISION

NUMBER

REVISION'

PAGE

u ,oo,
" '_oOEL

SC
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3.3.4 Electrical Power Group

__ FLIGHT

AND

.... LANDING

EQU MENT_..._ Minimum-Desired

Electrical Powir RE
Group

l , J

Solar Cells and _13
Solar Panel
Struct_e

R. T. G. _ RCI 4

......... , ,,,, ,,

,.usA _
., 80 H'OURS i, ' .ONE MONT H ,

Minimum - De sired Minlmum-Desir@d

Battery No. 1 RCI 5

Battery No, 2 _16

0. 995 - 0. 999

i i.,

0.98 - _1

0.96 - 0.999

0.995 - _,I

0.98- _I

0.96 - _...1

0.95 - 0.99

i ill ii : . i

0.95- 0.995

0.87 - 0.97

,,, , ,, , ,,,, . , ,,,, • , ,,, •, , J,, ,

O. 94 - Oo 998 O. 94 - O. 998 0o90 - O. 98

O. 94 - O. 998 O. 94 - O. 998 O. 90 - O. 98

TITLE

Sye te_,

Spacecraft Reliability

Equipment Groups and Subassemblies.

SURVEYOR LABORATORY
HUGHES AIRCRAFT COMPANY

AEROSPACE ENGINEERING DIVISION

NUMBER

224600

.A_E 90_ 26_AGEs

REVISION IMODEL-_ SC



3.3.5 Electronics tGrOlcj>.

t

TITLE

iElectronic s R D
_r_p

;" . ,.

Essential Power tRD1
Switches and Pov_
Form Converters

Receiver "A" RD2

Tran'p'onder .... RD3
Circuitry "A"

• ,,, i ,i, i iL i i I

Diplexer "A ' RD4
i ,

Transmitter "A" RD5

Directional RD6
Antenna

FLIGHT
AND

LANDING

Mi_imurn-B_.nirad

]_,UNAR CI__>]_RA TTC_N .

80 HOUR q QNE _MONTH

Min,im, _-Desired Minimum-Desired

0.95 - 0.99 0.9g, - 0.99
.... I ..... 1, ,,,

0.98- 0,995 0.98- _--1

,, . .

0.97-_ I 0.97 - _l
, , .. , .,,, ....

0.99 - _ 1 (Not Applicab

0._g- 0.93
, i',' ..... ,,. _ ---

0.92 - 0.98

0.93 - 0.99

[e)
....... _ ,,,,,

i,,, , , , ,

0.93 - 0.99

_,_l

0.93 - 0.99Transmitter "B" RD7

Diplexer "B" R.D8 _ 1
i i ,, , ,,, ,,,

Transponder RD9 0.99 - _- 1
iCircuitry "B"

Receiver "B" RD1 _ 0.97 - _= l

ICentral Decoders RDI]

No. 1 and No. 2, 0.96 - 0.999
and Central

Command Signal
Distribution

0.97 - _,999 0.9T - _,G'.999

0.97 - =_999 0.97 - _ 999

, _,, , , ,

. , J

_. _NotApplicab

0.97 - _1

0.96 - 0.999

, , ,,

0.93 - 0.99

0.85 - 0.95

Sp_c ecrait Reliability

Sys te _, Equ_pm_t Gr_oup_...an_.:Smb_s,s e_t_le s

SURVEYOR LABORATORY
HUGHES AIRCRAFT COMPANY

AEROSPACE ENGINEERING DIVISION

NUMBER

REVISION

224600

MO DE L
SC

o_26 ,',o Es
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3.3.5 Electronics Group (ContJd)

FLIGHT

AND
I, ANDING

Minimum-Desired

..... >".... " ........ :_' 12

.,,, . J

Battery No. 1 '_D15
Charge, Discharge 0, 99 - _ 1
and Overload

Circuitry

Battery No. 2 "_D16
Charge, Discharge 0.99 - _=I
and Overload

Circuitry

"Volt ReguLator ii . i i ,_8 aVl7 0.99 - --I

Marking Radar,

0.995 =_ 999

Radar Altimeter,
and Doppler 0.99 - _ 1

Velocity Sensing
Radar)

,,, . ,,

T.V. Camera No. 1%2(
Television and _ i
Central Circuitry

T:v. Cam.ra No.2
Television and _- 1
Control Circuitry

r

T. V. Camera No.3 %28
Television and _ 1
Control Circuitry

, LUNAR OPEI_T ION

80 HOURS ONE MONTH

h_inlr_rn .De s ire d Minimum-Desired
, ' ....... -" "7

0.99 = 4999 0.96 - 0.995

0.99 -_I 0.95 - 0.995

0.99 - _'_I

(Not Applica

0.97 - _-I

, | , ,L I

0.97 - _1

,,,,,,

0.95 - 0.995

}le)

, , ,, ,, J , ,, ,

O. 97 - _-.1

0.97 - _=1

TITLK

Spacecraft Reliability

sy,_mo" _:q,_p__,p croup,._d S_ba'''mta_''

SURVEYOR L.*EORATORY

HUGHES AIRCRAFT COMPAHY

AEROSPACE EHGIHEERIHG DJVISIOH

NUMBER

224600

REVISION

B"

PAGE

MODELSC
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3 3.5 Electronics Group (Cont'd)

b

cessm- yEleeta-onio
,,.,, L ,, J m, . m .

G_ophysical RD31
Subsystem A 1
Electronics

Geophysical RD3 2
Subsystem 12
Ele ctr onic s

Geophysical
Subsystem B
Electronics

X- Ray Equip-
ment Electronicl

Organic Analysis
Equipm ent
Electronics

RD34

RD35

Seismic Measure
rnent
Electronics

_D36

, ,,,,,

Magnetic Fi e]d

Measurement RD37
Equipment
Electronics

i, i,, L

Incideht Radia- RD3 8
tion Measure-

ment Equipment
Electronics

" FLIGHT ....
LUNAR

AND ....
LANDING 80 HOURS

. , ., ,,, ,, .

M,,inimum,- D e s i r.ed...Minim_ um - De s.ire4

_d 0.99 - _1

O. 99 - a_l

0.99 - _1

O. 99 - _1

O. 99 - _'1

O. 99 - _1

0.99 - _1

, ,

0.99 - _-1

O. 99 - _1

OPERATION

ONE MONTH

Minimum -Desired

O. 99 - _-.1

0.95- 0.995

0.95 - 0.995

0.95- 0.995

O. 99 - _1

O. 99 - _1

0.95- 0.995

0.95 - 0.995

0.95 - 0.995

TITLE

Sys tern,

Spacecraft Reliability

Equipment Groups and Subassemblies

SURVEYOR LABORATORY
HUGHES AIRCRAFT COMPANY

AEROSPACE ENGINEERING DIVISION

NUMBER'

224600

RE VISlO N / MO DE L

I

B [ SC

PAGE 12 o_ 26 PAGES



3ojo5 E1ea_ro_ _ (_nt'd)

b

Gravity Measure- R

meat Equipm.b D39
Elec_cs

Lunar At_sphere R

Msasuro_% Equip- ])40
men% Ele_ronies

T.V. Camera No. h R

Televisi_, Stro_ _i

and Ocmtr_lling

Circuitry

Aooustie 8ouree R

Elee_r_ D_3

Tape. Reeorder !R

Surfaee R

Acoustical Se_s_ Dh9
Eleotronios

Subsurface R

Geoph_ieal Sub- D_O
system Elec_nie s

LANDING

__r_

0.99 - _i

Resistivity MeasuA_ R

_.t Eq_A_a_ D51 _ 1
Ele_nios

Soll Mee_s R

Equipment Elec_- D52 _ I
ronieo

, . , J , .

Penet_Dmeter .R

F_uipm_ Ele_- D53 _-_ 1
r_ics

IAStA2 OPERATION

80 HOURS

0.99 " _ 1

0.99 - _ 1

0.97 - 1

0.98 - _-I

0.99 - _I

0.99 - _I

0.99 - -_I

CaE MONTH

o.95 - 0°995

o.95 - 0.99_

o.97- _z

0.92- /_--1

0099 " ___-1

0.99 " _---1

0.99 - --_1
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3.3.6 Vehicle Group

_ehicle Group R E,

Harness and Inter,RE/
c onnections

Retro Rocket RE22
Separation
Mechanism

Vehicle Structure P'E231

Vehicle Separatioz P_24
Mechanism

Landing Gear (3)
(Includes Unfold-

ing Mechanism
and Crushable

Blocks)

RE25

FLIGHT
AND

LANDING

Minimum- De s ire d

0.98- O.995

0.99ff- _I

o. 8

0.995 - _i

LUNAR OPERATION

80 HOUR S ,,

Minimum-Desired

0.999 - _-1

(Not App]

(Not Appl

El

ONE MONTH

Minim urn -De s i r e d

0. 995 - _I

icable)

,cable)

==l

REI includes RE1, RE2, .... RE17, REI 9, RE2 0, RE21, RE2 2, RE2 4 and

RE26' RE27 ..... RE4 8
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3.3. ? Engineerinl Mec_nlcs and Thermal Control Group

FLIGHT ":: " " ....

AND

LANDING ....

Minim .ur.r_,,De..s i,r e _

......... LUNAR OPERATION ....

80 HOURS ONE MONTH

Min.im.m_. De sl r,ed Minimum- Desired

Engr. Mech. _nd R F
Thermal Control _ l

Group
Ii , ..i i i i

-"-" 1 O. 998 - ¢=I

i _ _ i LL II , .,I

Radiation Sur-
faces Thermal

Shell and RTG ,=kl_18
The rmal T rsnl -
fer Device

l_nding Gear RFZ5 _ 1
Dampers

,. i i J .,

_._. I .---_'-"I _'_ I

Thermal Control RFt,, _-I
Heaters

m J, , _

B

RF/ffi RF34' RF35' RF36, RF39' RF40
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3.3.8 Mechanics Group

EQUIPMENT _

Mechanics Group R G
I

Omni- Directional
"A" Antenna
Boom and

Lanyard

Directional

Antenna Drive
Mechanism

(Including Turn-
Table, Launch

Stops, and Land-
ing Locke)

Omni - Di r e cti onal

"B" Antenna
Boom and

Lanyard

RG8

Solar Panel RGI 3
Drive Mechanism

Vehicle Anchor- RGZ 3
ing Mechanism

TV No. I Camera RGZ 6
Manipulati on
Devices and Optic_

TV No. Z Camera RGZ 7
Manipulation
Devices and
Optics

TV No. 3 Camera

Manipulation
Devices and

Optic s

28

FLIGHT
AND

LANDTNG

_inimum- Desired

0.99- 00999

=I

0.995 _ 0.999

0.995 _ --_I

LUNAR OPERATION
I

80 HOURS Q_E MONTH

Minim urn- De sired Minimum-Desired

0. 985 - 0.996

,. ,

0.995 -'0.999

0.999- _1
J

0.995 - _L999

o.995 - o;,999

O. 98 - _I

0.98 - _1

0.98 -_'_'i

0.99- Oo  :)8

0.98 - ._1

O. 98 - _,1

L,.tL='n'_ D

" , =
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3.3.8 Mechanics Group (Cont'd)

.2"

i FLIGHT

AND

LANPING

8ubsurfaoe -

Sampler Drive
Mechanism.

Sample Handling
Equipment and
Pulverizer

Geo. Subsystem

A1 Manipulation
Devices

Geo. Subsystem
A2 Manipulation
Devices

Geo. Subsystem
B Manipulation
Devices

,,, ,, , ,

Pressure Gags
Boom

Shbsurface
Su_veillanc •

(T.V. Camera
No. 4) Optics

Pla s ma and

Magnetometer
Boom

. i i

RG31 _I

J ,,,

RG321 _ I

/_333 _ 1

i ii

_0 _!

_l i ii

_2 _1

Acoustic Source
Location and

Manipulati on
Devices

RG43 _-I

S O i I Transfer D

_G44 _ lCluster

, LUNAR OPERATION .

80 HOURS ONE MONTH

/v/inim ur_ De sir ed Minimum-Desired

0.96 - 0.999 0.96 - 0.999

_,l _ I

0.99 - 0.998

0.98 - _l

0.99 - 0,998
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3.3.8 Mechanics Group (Cont'd)

• =

Subsurface

Sampler asd OeOo
Probe Location

and Manipula-
tion Devices

Seismic and

Gravity Measure.
ment Equip.
Manipulati on
Devices

FLIGHT

AND

LAHD_N_
,Minimum- Desired

ii i ll|

Surface Acoustic RG49
Sensor Location

and Manipulation
Devices

Resistivity " R

Measurer_n_Equ_ _1
merrt Manipulation
Device

Soil Hechanies R

Manipulation G52
Device

Penetrometer

Equipment Mani-

pulation Device

N

R
G53 z 1

LUNA,R

80 ,HQURS

Minimum-Desired

OPERATION

• ONE MONTH..

Minimum- Desiredi

0.98 - _I 0.98 - "_1
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3.3.9 Scientific Instruments Group

"_ :'-_" _ "- I FLIGHT ......... • ..
"___ i AND . LUNAR OPERATION

w___ _'_ LANDIN G ,80 HOURS : ONE MONTH

EOUIPMEN_ _ Minimum-Desired Minimum-De,ired.,Min!m.urn-Desired

Scientific Instru- RH _ 1
ments Group

,, , ,,,
i

Geo. Equip. - 81431 _ I
Set

i

Geo. Equip. - RH32 _l
Set

,, ,, , ,,

Geo, Equip. - RH3 3 _ 1
Set 0 ;,

,

X-Ray Spectro- RH3 4 _1
graph

Gas Chromato- RH3 5
sral_h

,,, , ,,,,

Seism orneter RH361 _1

Magnetometer RH37 _I

Inat_t
, ,

Gravirnete r RH$ 9 xl
,,, , ,

Atmospheric

Pressure RH4 0
Gauge

Acoustic
Source RH43 _I

0.95 - 0.995

,j

0.95 - 0.995

0.95 - 0.995

0.95 - 0.995

0.95 - 0.995

0.95- 0.995

,,,,,

0.95 - 0.995

0.96 - 0.9'99

0.95 - 0.999

0.96 - 0.999

0.95 - 0.995

,l

0.99 - _1

0,8 - 0.95

0.75 - 0.85

o.75 - o.85

0.75 - 0.85

,, , • , ....

0.95 - 0.995

0.95 - 0.995

0.75 - 0.85

'o:ss " o.'gs.......

0.75 - 0.85

, ,, , ,,,,

0.85 - 0.95

, ,,, ,

0.75 - 0.85

0.96 - 0.999
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3.3.9 Scientific Instruments Group (Cont'd)

_-_"_ -_"' 2_._....._,1 FLIGHT LUNAR OPERATION
ANDLAND_N_ 80 HOURS ONE MONTH

.E.,QuIpMEN__ . Minimum-Desiredi Min.imum-Desired Minimum-Desired '

X _ Ra y

Diffracto-
t_I48 _ 1

meter
i i Ill

a

Surface Acousti- RH49 _ 1
cal Sensor

Resistivi%y R -_1
_nstmmmmt_ H51

. Soil _ho_las

Penetr_motorg

R _

H$2
_

H53

0.95 - 0.995 0.95 - 0.995
i l

0.96 - 0. 999 0.85 - 0.95

0.96 - 0.999 0.96 - 0.999

-: 1 0.96 - 0°999 0_96 - 0.999

c I 0.96- 0°999 0.96 - 0:999

m

3_A To%al Operating Lifez The nominal operating Life of the Spacecraft

shall be %hree monthsp excluding test and checkout time. The detailed life

requiremsn%s are given in the specifications for the individual equipments.
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4.0 SUPPLEMENTARY

4.1 Cross References

4, I. I Cross Index for Equipment Reliability and Design Responsibility,
Flight and Landing Phase. (See Table I, Page Z2}.

4. I. 2 Cross Index for Equipm. ent Reliability and Design Responsibility,
Lunar Operation Phase. (See Table II, Page 23),

•4.2 Definitions

4.2. I Reliabilit_ (R): The reliability of an item is the probability
that _t:will perform the function for which it was designed for the specified
period of time when used in the manner and for the purpose intended; In
addition to parts count and part failure rates, failure modes and effects

must be considered in estimating reliability. Equations given in the Reliability
Formulas section may be used when applicable in making reliability
calculations.

4. Z. 2 Minimum Reliability: Minimum reliability is the minimum
inherent reliability to be achieved in the design and shall be considered as the
point of 20% consume# s risk in developing reliability demonstration
plans.

4.2.3 Desired Reliability: Desired reliability is the inherent
reliability acllievable within the state-of-the art, weight, cost and time
limits of the development program. It is anticipated that extensive trade-off
actions will be necessary in order to achieve the desired reliability. This

reliability shall be considered as the point of 20% producer's risk in
developing _eliability demonstration plans.

4.3 Reliability Formulas

4.3. I Reliability of One-Shot Devices: The term "one-shot device"
refers to any _vlce whose failure or success depends only on a specific
outcome. A device whose failure is a function of time is also considered

a one-shot device if the required operating time is determined. As a
direct application of the definition of reliability, the following equation is
used for calculating reliability (R):
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number of ,iuccessful trials
R = total number 0ftrials _(1)_"

Furthermore, the reliability of a group of independent devices is given by
the "product rule":

R = R. (2) '
1

where R. = reliability of the i th device.
1

4.3.2 _Reliability of Time and On-Off Cycle Dependent Devices - One
of the most fundamental:and important equipment failure characteristics is the

Poisson distribution which describes random failures. For the required
operating time of I to 3 months, the Surveyor w_I/!,be_ _designed to have no
wearout failures, except in isolated instances such as the batteries. There-
fore, most of the failures will occur at random and follow the Poisson
characteristic.

r

To account for all the stresses besides the mission operating time (on-off
, cycling and storage effects), the exp(mential law which characterizes
a Poisson distribwtion can be expressed as follows:

s t c

R - _ " (_ +_tt +m-:c ) : e " (asS + att + acC) '(3)

where m s = - _ mean time between failures during storage (in hours)

m t - mean time between failu_mduring .operatiOn (in hours)

m

C

S =

mean cycles between fail--during the mission (in cycles)

storage time in hours

t = operating time in hours

power on-o_f cycles

1
D

m
s

= failure rate during storage (per h_urm)
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a t = 1 = failure rate during epera_en (per hettrm)

m t

aC = _--1 ffi failure rate during the mission (per cycle)
1'1'1

C

By application of the "product rule, " Equation (a)_ , it can be shown that

(1 i

i

where eL. =
1

failure rate of the i th element.

4.3, 3 Reliability of Redundant Equipment with Standby Equipment
Ener_gized -Reliability can be enhanced by the addition *of standby equipments.
However, before adding another piece of equipment, it is important to know
how much gain can be derived from such an arrangement. If the equipments

are completely redundant, i.e., the function fails only if all equipments
fail, then the following equation is used-

where R i =

R - I -

reliability of the i th redundant equipment.

If switch systems are used with the redundant equipment, the reliability
of the switch system must be included in the over-aU calculation.

4.3.4 Over-all Effective Reliability - If a piece of equipment is used to
carry out sever&Idistinct funct_0n$0 the failure to perform a minor function
should not be considered as a total failure of the equipment. In order that

the reliability of completing the important functions will net be masked by the
reliability of an unimportant function, a method for calculating the over-aU
effective reliability of the equipment is needed. The following equation
slmll be used for such purpose:
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where

R "- _ WiR i

R i = reliability of the i th distinct function

Wi = importance weighting factor for the i th function

_: (note: _i Wi = I)
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I. 0 SCOPE

1.1 Scope: This specification details the minimum reliabi!ity
assurance program requirements that must be followed by sub-contractors

.during the development and fabrication of equipment.

1.2 Objectives: The broad objectives of the reliability program
are to assu_vement of the quantitative reliability specified in
the detail specification through the establishment of adequate reliability
control and to verify the attainment of this reliability through analysis,

design documentation, history with similar equipment and accumulated test
data.

1.3 Supporting Areas: The requirements specified herein also
establish the minimum areas to be considered by the sub-contractor to
assure the adequacy of his program.
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2.0 APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on date of invitation
for bids, form a p_rt of this specification:

STANDARDS

Military

MIL- STD-441 Reliability of Military Electronic _Fxluipment

2.2 In the event there is a conflict between the detailed product specifi-
cation, the work statement, this specification and/or specifications referenced
in 2. l the following order of precedence shall apply:

a. Work Statement

b. Detailed Product Specification

c. This Specification

d. Referenced Specifications
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3.0 REQUIREMENTS

3.1 General Requirements

• 3.1.1 Reliability Requirements: It shall be the responsibility of the
subcontractor to acl_ieve and verify the quantitative reliability specified in

the detail specification.

3. I. 2 Approach: In order to assure positive control of equipment
reliability, the sUbcontractor shall establish and maintain an adequate
reliability program. A draft of the proposed program with task definitions,
milestones, manpower assignments, analysis techniques and reliability
test schedule shall be submitted to Hughes Aircraft Company for approval

as scheduled in the purchase order.

3. I. 3 Documentation: Progress in implementing the reliability pro-

gram shall be documented t-o the extent necessary to demonstrate positive
control and to a11ow ready monitoring by Hughes Aircraft Company.

3.1.4 Reliability Design Techniques: Emphasis is to be placed on

following high relfability design practices and concentrating reliability
efforts during the design phase. Specific techniques to be stressed are

sirnplicity, redundancy, utilization of standard parts, environmental control,
design reviews, and the use of proven equipments and design techniques.
Whenever practicable parts from the Hughes Aircraft Company Standard
Parts List approved for the project are to be used. Approval for all non-
standard parts shall be required.

3.1.5 Environmental Considerations: The equipment shall provide

the specified reliability under the environmental conditions to which it will
be subjected as specified in the detail equipment specification. Particular
attention shall be given to the determination of those realistic combinations
of service condition that could most significantly affect the reliability of the

equipment.

3. I. 6 Subcontract Requirements: When incorporated into the

contract this specification shall be applicable to all equipment for which
reliability requirements have been established. Prime subcontractors
are responsible for determining the applicable portions of this specification
to be included in their respective subcontracts and purchase orders,
subject to the right of di sappr oval by Hughes Airc raft Company.

3. I. 7 Reliability Organization: A single group shall be designated

the responsiblqity for the overall reliability function to cover engineering,
testing, manufacturing, quality control and purchasing.
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3.2 Specific Requirements

3.2. I Reliability Prediction and Analysis

3, 2. I. I The subcontractor shall analyze the number and type of com-

ponent parts needed to perform the specified equipment functions. Using
part failure rates, derating curves, stress analyses, redundancy formulas
or other suitable data, the contractor shall estimate the inherent reliability
to be realized by the equipment.

3.2. I. 2 The subcontractor shall conduct trade-off studies such as

reliability versus weight, power consumption, cost, etc. s and indicate the
incorporation of the results in his design.

3.2. I. 3 The results of these analyses shall be forwarded to Hughes
Aircraft Company as scheduled in the purchase order. The data sources,
analysis techniques, and assumptions with appropriate justification shall
accompany the analyses.

3.2.2 Achieved Reliabilit_

_. 2.2. _ At a minimum of three points, to be defined in the Reliability
Program Plan, the subcontractor shall estimate the operational reliability
of the equipment. These estimates shall be based, in so far as possible,

on test data and shall account for environmental effects, manufacturing
variations, storage effects, transportation effects and maintenance requlre-
ments.

3.2.2.2 Statistical confidence limits and expected reliability grewth
sl_ll accornpany each estimate of operational reliability.

3.2.2.3 In those cases where the estimated operational reliability
is less than desired the subcontractor shall indicate action such as improve°
ments in the basic design, material selection, production processes and
quality control that wiU be taken to increase the reliability to the desired
level.

3.2.3 Failure Reports

3.2.3. I A failure report shall be initiated for each failure. The
failure report shall be used as a basis for failure analyses. The format of
the report shall be similar to HAC Form 9 2 6 1 - CC - EN) and shall contain
the minimum information required on HAC Form 9 2 6 1 - C C- E N.

3.2.3.2 The internal use and distribution shall be at the discretion

of the subcontractor; hewever, the following rules shall apply:
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ae

be

A positive control, such as requiring a failure report as a
requisition for a replacement part, shall be used to assure
complete reporting.

One copy shall remain attached to the article until its eventual
dlsp_sition by scrap or return to a serviceable condition.

C. A completed copy shall be sent by air mail or other expeditious
means, within 5: _rkLng_days_ after fa-ilure_ is discovered,

GO: H_ghes-_Air_¢ralt Company.

3.2.4 Failure Analyses

3.2.4.1 A failure analysis shall be conducted on each failure establish-
ing the mode of failure, cause of failure, and planned corrective action.

3.2.4.2

shall apply:"
Each failure analysis shall be reported and the following rules

a_

be

A positive control shall be established to ascertain that each
failure is analyzed.

The investigation of each failure shall be performed by specialists

experienced in failure analysis and acquainted with the materials,
processes and techniques used in the manufacture.

C.o

de

All steps taken to determine the cause of failure shall be documented

thoroughly, using photographs or sketches with specific measure-
ments where applicable and parts dissected to whatever degree
necessary to establish ultimate failure cause.

A failure analysis shall be completed and forwarded to Hughes
Aircraft Company within 30 days of the occurrence of each
failure.

3.2.5 Control of Parts, Materials and Processes

3.2.5.1 The subcontractor shall analyze and document the selection
and application of the parts, materials and processes used in the equipment.

3.2.5.2 The subcontractor shall prepare and maintain a list of the
selected parts, materials and processes. Each part, material or process
for which the subcontractor does not have a high engineering conlidence will
be identified on this list as "Critical". Items shown as "Crltica1" will be

subjected to limited qualification and/or special reliability tests to assure

their reliability.

f

1
!
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3.2.5.3 By successive changes to the preliminary list, a final list

of parts, materials and processes will be developed. The final list will
reflect the resolution of the tests recommended for "'Critical" items on

prior lists.

3.2.6 Fabrication Control: The subcontractor shall establish a pro-
gram for assuz-ing reliability through the control of fabrication processes.
Controls established will include, but not be limited to:

a. Parts and Materials

I. Lot purchase plans for maxi,_,,,_ control of quality.

2. Special reliability tests on parts and materials intended
for "Critical" application.

3. Receipt accountability.

4. Incoming inspection tests for all parts and materials.

e Identification of parts and materials requiring special

handling, packaging and stockage.

be

6. Segregated and controlled storage; controlled issuance.

_L'oce 8 8 e8

I. Written specification for each process.

2. Satisfactory test results for this process.•

3. Certification of the process based upon I and 2.

4. Quality control check system.

5. Certification of skilled operations (i. e., welders, etc. )

3.2.7 Report s

3.2.7.1 Progress Reports: When progress reports are required as
a contract item a section on reliability shall be included. The subcontractor
shall state his efforts and his accomplishments in achieving reliable operation

of the basic equipment. Estimates of equipment reliability status shall be
included.

3.2.7.2 Interim Engineering Reports: When interim engineering

reports are req_red as a contract item, a separate reliability appendix shall
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TITLE

be included in each such report. Emphasis shall be placed on the following
areas as a minimum.

a. Reliability achieved and expected reliability growth.

be

C.

Reliability program effectivene s s.

Analysis of each failure and corrective action status.

d. All trade-elf data of performance, reliability, weight and cost.

e. All critical problems.

f. Corrective action taken since last period on each problem.

g. All test results including conditions of test.

If interim engineering reports are not required, a special reliability report
shall be submitted quarterly or at such other periods as specified in the
contract.

3.2.8 Final Engineering Report: When a final engineering report is
required as a contract item, a separate appendix shall be included in the
report to summarize the results of the reliability program. The final
report shall include the data required by the Phase II report (MIL-STD-441)
and shall document the following:

a. Achieved reliability: The achieved reliability of the final design
of the equipment under the operational conditions stated and based
in so far as possible on testing of the final prototype models.
The subcontractor shall also state the statistical confidence he

places in his estimates and fully describes any condition that limits
the reliability of the equipment.

be Reliability improvement: The measures taken by the manufacturer
to increase the reliability of the equipment and the improvement

in reliability attained by the measures taken. Recommendations
shall also be included as to possible future improvement in the

reliability of the equipment.

3.3 Supporting Efforts: In addition to the requirements delineated
in paragraphs 3, 1 au-E'_'_F_ subcontractor shall consider, establish
standard procedures as required, and report his action on each of the follow-

ing areas of supporting effortrequired to achieve the specified reliability.
The following shall be regarded as the minimum additional areas necessary
for consideration. The subcontractor shall also include additional areas

where evidence exists that this will be necessary for an overall adequate

support program.
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a. - . Reliability testing facilities o

b. Reliability analysis techniques.

c. Reliability design reviews

d.

e.

f@ .-

.. g*

Maintainability

Quality control

Handling, packaging and shipping considerations

Reliability verification techniques including reliability tests

/
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4.0 RELIABILITY ASSURANCE PROVISIONS

4. I General Procedures: Equipment shall be subjected to one of
the following procedures, as specified in the procurement document, to

verify that the design is capable of meeting the specified reliability require-
ments.

4.2 Minimum Verification ,

4.2. I Verification that the design meets the reliability requirements

shall be based upon the design documentation, the reliability program
specified in paragraph 3 of this specification and the results of the quality
assurance tests delineated in the detail specification. ,

4.2.2 If in the opinion of either the contractor or Hughes Aircraft

Company additional verification is required such test will be negotiated
between Hughes Aircraft Company and the contractor.

4.2.3 Hughes Aircraft Company reserves the right to conduct additional

tests as are deemed necessary to verify the reliability of the equipment being
purchased but in no case to impose more stringent requirements than those
called for in the detail specification. Failure of the equipment to pass
these tests shall be cause to reject the equipment under terms of the purchase
order.

4. :3 Reliability Demonstration

4.3. I Demonstration of equipment reliability shall include the provisions
of 4.1 plus additional testing specifically designated for the purposes of
demonstrating equipment reliability.

4.3.2 Reliability demonstration tests shall be conducted on equipment

representative of the final configuration. Changes in either equipment design
or manufacturing process shall necessitate re-verification of equipment
reliability,

4.3.3 Reliability test procedures, test levels and number of equipments
to be tested are to be prepared by the subcontractor and submitted to Hughes
Aircraft Company for approval 90 days before such testing is scheduled.

4.3.4 The number of items tested and the test levels imposed shall be
such as to demonstrate with 80% confidence that the equipment meets the
minimum reliability specified in the detail specification.
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s. o NOTES

5. I Intended Use: This specification is intended to provide require-

ments and p_rocedures pertaining to a reliability program to be applied to
research and development contracts for individual equipments.

5.2 Definitions
_ H, ,i , t

5. Z. 1 Reliability: Reliability is the probability of performing without

failure a specilied function under given conditions for a specified period of
time.

5. Z. 2 Inherent Reliability: Inherent reliability of a device is the
reliability po{ential presen{ inLthe design,

5.2.3 Achieved Reliability: Achieved reliability of a device is the

reliability deznonstrated by the physical item under actual or simulated
conditions of use.

5. Z.4 Manufacturing: Manufacturing as used herein includes the

manufacture of prototype and pilot-production articles as well as manufacture
of the final article. This use of the term recognizes the growth of reliability

during initial manufacture and the close relationship between productlen and
development activities in achieving reliability.

5.2.5 Milestone: (in the pregramrniug sense.) A significaut and

frequently critical event having qualitative and/or quantitative aspects
which, when completed indicates the accomplishment of a step in progress
toward a predetermined goal.
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APP_mlX C

"14 "_3 "Re_ab_It 7 Assurance Test Program

A planned and scheduled reliability assurance testing program has been

designed to provide valid measurements on achievable reliabili_o
Selected items oi' basic spacecra1% equipment nave been schedules %o

undergo testing as e_ly as possible to provide for feedback of data to

assist in evaluating design reliability prior to launching of each

spacecraft. Quantities and programs have been subject to economic and

schedule restraints as well as test feasibility°

The qumtitative reliability objectives established for the basic bus are

reflected in requirements in appropriate detail equipment specifications.

These requirements provide two of the four parameters necessary to define

the individual _st plane. The usumed risk of accepting e_p_ent when

its reliability is below the specified ainiHuR _d the risk of rejecting

equipment when i_ reliability is at least as good ks a specified value
provide the two remaining partners.

Project Management must be glvel eB estimate of spacecraft reliability
prior to shlpment to AMR. One i_mt to this will include that each

equipment type to be tested umlerp sequential time-sample testing (see

Sequential Life Tests in the Ex_mntial Case by B. Epstein and M. Sobel,
The Annals of Ma_hmatical StatIutics, Vol. 26, No. i, March 1955).

Combinatiens and me_uences of appropriate mission environnents have also

been p_d at _ren/tlne level_ to provide quantitative assurance at

e_propriats co_denee levels t_at equipment is satisfactory. For

example, each te_ plan incl_ee hard vacu_ (10-7 mm mercury) operation

of. the equlpaea% for a period e_ to three times its expected space

llfe, but in no _ more than 450 hours. Recent studies (i and 2)
indicate that the effects of the combined theraal/hard vacuum environ-

•ents on the matsrials selected for Surveyor can be evaluated within

the planned exposure time.

I. Electronic Component Application Consideration for Space Vehicles,
Hughes Aircraft Special Research Study No. h2h, i_ May 1961.

2. Equipment Design Consideration for Space Environment, by Lehr,
Tron_lone and H0rton, STL Repor_ S-TL-_-60-OO0-09224, September
1960.

Reliability verification or demonstration requirements have been imposed

upon subcontractors who submit program plans to the Surveyor Reliability
Section for review and approval°

A summary of the test plans appears as Table 2. This defines the item

and sample size for reliability assurance testing, the expected mission

environmental and operating profile_ the duration of reliability test and

the acceptance criteria. The use of this table can best be shown by :

-1-
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observing the entries for the Transmitter, Part Number 231800 (Table
2).

Two will be selected for reliability test; the expected mission

operational requirement is 14 hours in transit and continuous thero-

after. For greater reliability, it is planned that one will be operated
until it fails, then the other transmitter will be used.

Vibration testing will include simulation of phase A, B and C (Fig. 3)

with the equipment operating during phase C. Equipment temperature
will be cycled between 0o and 50°F during the vibration test. Included

in this test will be the appropriate number of shocks D- J (Fig. 3) A

hard vacuum soak of 450 hours during which tim_ the transmitter will be
operating and the temperature cycled between 0 - 125°F is included in
the test plan.

The operational test cycle will be based on 80 hours providing adequate
assurance of the transit reliability without increasing the test time

prohibitively. However, since the transmitter is operated approximately
14 times during the transit phase_ each cycle of 80 hours will include

14 on-off cycles with suitable cooling time between cycles. The
reliability calculations will be based on a continuous function. The

sequential plan will assure a risk of accepting equipment with a

reliability of .97 no more than 20% of the time and a producer's risk

of 20% at the desired value of reliability (.996). This plan will

require operating the two transmitters a maximum of I0_667 hours for a
decision and the test program is expected to last I0 months.

The Reliability Assurance Test Schedule, Figure i, is a composite of

the hardware items which will undergo extensive evaluation testing.

For each item, this schedule shows major tasks to be accomplished prior
to the start of testing_ the expected duration of testing and the

target date for achieving an estimate of the probability of mission
success for S/C I.

-2-
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I:I2UI t-_i_A_ INFOFJdATI ON

Nomenclature

Accelerometer, F/C

S_itch, Inertial

Bin-hour Sam_b_g

Accelerometer, Tele

Actuator, Roll Control

Battery

F/C ElectrGnics

F/F 6 Gating Circuits

C,0s Jet System

Gym, Inertiat

Mechanism. I,_irror Drive

Posttioner,Antenna/5o la r
Panel

Po_,eT Control System "A"

Po mmr _, i t ch

Radar Altimeter 6Doppler
Velocity Sensor

Radar,Altitude _,iaz_<ing

Receiver 6 Tr_nsponder

Solar Panel

Sensor, CanopuS

T.V.,Decoder 6 Processer

Transmitter 6 Diplexer

Part NO.

236XXX

236002

236001

235000

237900

23£_,00

2356O0

23570O

236XXX

No. to be

tested

4

4

2

3

1 set,2 ea.

2

2 groups
50 ea

2

In

_ Flight

Hiss!on Time or Cycles

Lunar
130 tlr. 1 _io.

2 rain

1 oper.

66 hr.

6 }lin.

66 hr.

66 hr.

66 hr

20 oper.

2362XX

2364X%

233400

2 sets,2 ea

8

8

66 hr.

NA

720 oper_

329O3
2329O4
E32905
232906
232(/07

_,:,,..500

231dC0

237700

235300

231GO0
:32500

2

groups
50 ea.

66 hr.

Urlk.

10 rain.

1

3

1

2

1

2

8 min.

66 hr.

66 hr.

66 hr.

18 rain.

14 hr.

NA

NA

NA

NA

00 hr.

NA

80 hr.

NA

NA

630 Cy.
I

90 oper
i

I '80 hr.

[Jllk,

NA

NA

L_O hr.

OO hr.

NA

14 hr.

00 hr.
t

NA

NA

KA

672 hr.

_A

672 hr.

hA

_h

rJnk.

b50 oper.

672 hr.

Unk.

NA

NA

672 hr.

336 hr.

NA

Unk.

672 hr.

'Vii

Phase

_,B

A,B,Co _

A,B,C O

A,BoC O

A0 ,B0,

A,B,C o
$

AOeB0 o_0

A,B

A,B,C

A,B,C

AO'BO_O

Ao,Bo,_ O

f

A, g,COi
i

A,B ;_

 o. .fo
A,B,C

A,B

A,B,C

A,B,C o '

?

*These figures indicete
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TABLE 2

RELIABILITY ASS URANCE TEST PLAN

TEST _ VIb_._r_:_T

Subscript "o" indicates ec

_ation

Temp. CycleOF

O-5O

0-50

O-5O

0-25

0-50

0-50

0-50

-10- (-5O)

0-50

-50-0

-50-0

0-50

0-50

0-50

-100- (-50)

10-50

0-50

-2OO-160

O-5O

-I00- (-50)

0-50

Shock

D-F

D-F,Go,Ho

Do-Jo

D-F,Go_IO

Do-Jo

D-F,Gotfl O

Do-Jo

D-F

DO-flo

D-J

D-J

_ipment operdting

I_rd Vacuum
Time in Hrs

75

198

198

198

45O

198

450

198

198

450

45O

D-F,Go.H o

D-F

Do-Jo

o-J

D-F

D.-J

D-F, Go -Jo

...... J

45O

45O

198

198

450

450

198

45O

45O

Temp. Cycle°F

0-50

O-25

O-125

0-50

O-125

-I0O- t.-_50)

0-5O

-300-100

-300-150

0-125

0-125

0-5O

-100- (50)

I0-50

0-I_5

-300-220

0-50

-300-500
"k

0-1_5

Time

2 mln

80 hr.

66 hr. I

hr.{

66 hr.

80 hr.

80 hr.

402 hr.

66 hr.

14 hr.

80 hr.

Sidle tes t c_cle i

Operations

1 pulse

5 opero

9000 Ope_

20 oper.

36O Cy

1440 oper.

_e

1000 Cy.

1 oper.

1 oper.

4•

7"

*14 in flight
COrlt, Oil mooIl

gi s or,
or _.41){

c

g

c

C

C

C.

Dt

ci

ol

D

oi

c{

C

C

C

C

i__h_ indicted _imes.
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TEST PLAN CRITERIA

Acceptance Criteria

Mln• Acept.
Rel •

•999

.999

•999

.999

.94

.98

•99944

.999

.9O

.999

.999

.993 o

.999

.97

.95

.97

.97

.97

Prob. of

Acep t •

.I0

.2O

.2O

.20

•I0

•20

•I0

.21)

.20

.20

.20

.I0

.2O

.20

•i0

•20

.20

.I0

.20

Desired
Rel.

.9999

•9999

.9999

.9999

•998

.998

.99993

•9999

.99

.9999

.9999

.997

.99999

.9_)86

.9999

.999

.995

.995

.999

•996

Prob. of

Accept.

.8O

.8O

°8O

.B0

.90

.BO

.80

.8O

.80

.80

.80

.80

.80

.%0

.80

.80

.90

.80

Total Operating

Hr. or Cycle

164 hr.

4130 Cy

Test Duratinn

Expected
length (too)

1

1

20,650 Cy

36.9 MC

7720 hr.

13,530 hr.

690,000 hr.

82,69oCy

2710 hr.

2.5 _tC

509 _IC

I0,950 hr.

49 _C

548 Cy

4100 Cy

15440 hr.

85,200 hr.

8470 hr.

2602 hr.

10667 hr.

1

1

II

I0

3

2

2

9

1

2

9

10 /

9

i0

I0
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APPENDIX D

Components Part__sProgram - Surveyor.

9

A major area of the reliability achievement effort on the Surveyor

program is the following parts program. In order to achieve system
reliability objectives, close attention must be directed toward the

use of reliable components under closely surveillanced application

limitations in order to achieve the respective potentials of the

individual components. It must be clearly understood that in all cases

where failure rates ascribed to piece parts have been developed, these
failure rates are achievable only when adequate documentation for

controlling purchased parts is established. The controls Incl_de

qualification requirements, s_lec_ed suppliers _ith _nown QC capabilities,
well-defined lot acceptance criteria and the neg_ssary quality control

procedures associated with part usage in the Hughes or subcontractors

manufacturing area. The following parts program will be implemented.

I. Preferred Parts List

A preliminary list of preferred parts has been established. Devices

selected have been chosen on the basis of proven history in HJ_

systems. At the present, these devices have been listed as design

guides for breadboard and experimental fabrication. In general,
they are capable of meeting military environmental requireaents and

125°C 48-hour sterilization requirements, and it is anticipated

that they will meet Surveyor environmsntal and reliability require-
ments. It remains to validate certain environmental performance

capabilities such as extreme low temperature and high vacuum

conditions. To ensure reliability capabilities, adequate HAC

procurement control documentation will be required. Parts application

for lunar environment will be specified to assist in proper design.

This will include stress derating factors for both mission phase and
environment,

2. Specifications

_ach component selected for use in the Surveyor spacecraft flight

systems will be identified, purchased and controlled by detailed

HAC procurement specifications which will completely define the

component with appropriate quality control, reliability and

packaging provisions. Parts used will conform to the qualification

test requirements of the individual specifications. The component

specifications will include environmental requirements imposed by

mission objectives. Each lot supplied will require acceptance test
data to be furnished with each lot_ Pre-aging under load and at

temperature will be accomplished by the supplier and only acceptable

lots will be shipped to HAC. This will accomplish the necessary

sterilization of the component interiors as well as accomplishing

a part of the acceptance test routine. All specifications for parts

-I-
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will include provisions for the prevention of impromptu and un-
authorized changes in component design or manufacture.

3. Parts Handling

It has been established, on such programs as Minutsmm, that the
system and subsystem manufacturing areas can only degra£e basic

reliability of devices as received; they cannot improve z_._a_ty,
Therefore, controls will be established for delivery of devices

from suppliers and subsequent handling of devices upon receipt.

a@ Packaging and Shipping

Packaging an d shipping methods will be defined in each component
specification in order to minimize the effects ef adverse
handling on the ultimate reliability of devices as received.

These methods will include options dependent upon lot size.

b. Receiving Inspection

Parts as received will go through m Incoming Inspection procednre

which will be detailed in each component specification. Small

sm_ple analyses ma_ be appropriate for initial parameters.

o. Bonded Storage

Acceptable parts will. be stored in special storage areas to be

set up specifically for the purpom of controlling proper
storage, lot identification, documentation and distribution of

parts to the mmufacturing area. -_

4. Quality Control

o

The QC organization will direct the Receiving Inspection activity

and _ actively monitor AQL levels of parts received. They will
collect and review all acceptance test data received with each lot

e_ material. The Components and Katerials Department will receive

regular s_atus reports on acceptability of suppliers' products.

¥i_h _he concurrence of the Components and Materials Departaentj
the_ will be empowered to reject materiel lotso QC will conduct an

_B, md Jointly with manufacturing and Components Department, will

accept or reject those lots requiring such review. The parts

storage area will be set up and controlled by QC. Requirements

for part storage will be established Jointly by QC, manufacturing
and Components Department.

P_ts Application and Design Review

As a continuing aid to designers in their use _d applications of

components, the Coaponente DepartRent will actively participate in

an advisory capacity in dseignrevlews. In this manner, _is_plieatlua

-2-



of components vill_ be minimized° Farther, by c_sultaticn wAth

component experts, designers will be enabled to optimize designs
by proper selections, adequate de,rating and by making allowamce
for component parametric variation due to enviromment.

6. E%gineering Evaluation and Reliability Studies

Special engineering evaluation and reliability studies wall be

conducted %o aid designers in their choice and application of new

parts which because of unique performance requirements become

essential %o mission objectives. Such parts approved for Survelor

usage will be defined by HAC specifications as pre_iously described,

7. Failure Analysis

CO_ponent specialists will take an active part in analyzing ecmpenmt
failures. Important in this effort is the identificatiea of the

component failure mode and the implementation of corrective action

for recurrence prevention. The lattsr will be accomplished via the

component specification requirements and changes thereto. In some

cases, this may require the imposition of t_hter or different

process controls on the suppliero

-3-



APPENDIX E

HAC Preferred Farts and Materials Lists

In order to assist design personnel in the selection of materials

suitable for the Surveyor environment, a Materials Manual is being

prepared° The performance capabilities of various materials are being
evaluated at extreme low temperatures and high vacuum conditions.
From the tests conducted and information available the mechanical

and electrical properties of these materials will be determined and

the information disseminated.

In addition to the above, the Components and Materials Laboratory will
recommend the conducting of specific tests to further prove or refute

the validity of a material application° Only by use of exhaustive

investigations and tests can there be assurance of the reliability to
be achieved and of the mission to be accomplished° Several such

studies underwa_ are as follows°

Wire Evaluation

Because of the temperature extremes and high vacuum conditions

encountered in a lunar mission, an electrical conductor evaluation

is being carried out to determine the most desirable conductor and

insulation system° Several conductors are being selected_ both

in size and type of material_ and the current carrying capacitors
are being established° Selection of an insulating material or
materials will result from tests to determine which materials will

not c_se corona discharge due to chemical breakdown at the low

pressures°

Dielectric Materials

Additional effort is being directed toward evaluation of dielectric

materials for coaxial a_plicationo There is considerable latitude

of_movement for mechanical sampling equipment, solar panels,

telescoping booms_ etco, and hence_ effort is being directed toward

determination of the flexibility of coaxial_ contour and other
cable which maybe used in the extreme temperature variations°

Additional current investigations are being made to determine (I) the

most desirable solders to use where low pressure exists_ (2) use of

aluminum conductors in lieu of copperj and (3) use of shrinkable

sleeving for soldered terminations°

®I-
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The Preferred Parts List for the Surveyor represents a prelizi_ry tabulation

of standard ar.d:referred parts and suppliers, chosen on the basis of known

quality and perforz_ance history. All the cozponents listed are capable of
•rithstanding ex_posure for 48 hours at 125" C, to effect Interral sterilizati_

of the device _-i-_houtdegradation of applicable p_rforr_ce requlrements.

The list is intended to provide design engineers _ith sufficient information

to enable then to proceed wizh prelimirmxy desigr.s. In zost £rjtances, the

basic p_,sical ar_ electrical characteristics have been entered, prel_

Hughes hUm.hers have been assigned, and, _here infcrration is present_ ava41.
able, itemized part-n_mher tables have been included.

It should be noted that the HuEhes "X.CO0000" 'number is a prel£zirmry number

Char, z_hich_,-£11becone a forz.al 900000 nurser upon conclusion of the present
test program in Con_onente and _teri_Is.

Frototype parts nay be _urchased by submitting a Ccnyonents ar_i_te_s
En_ineerin E P.equest (Ci_-_P.)to the Components Department.

This list constitutes the second issue. It _._llbe _-riodically up-dated

and _-£11 be su_crted by Hughes specification_ controlling each part for

which use is a.ut__cipatedin t2.eSurveyor. In those cases _'here specific

requirements are not covered by the Preferred Parts List, users are requested
to make their needs kn_#n to the Components Department.
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